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Statement  of  Objectives: 


The  aim  of  the  proposed  project  is  to  realize  a  new  optoelectronic  device  that 
completely  and  instantaneously  measures  the  incident  light’s  polarization  for  a 
narrow  wavelength  band  in  a  single  physical  pixel.  This  could  be  used  for 
applications  that  involve  snap  shot  imaging  with  a  narrowband  active  illumination. 

Project  Scope  and  Status: 

This  seed  project,  which  began  on  June  1st  2004,  is  intended  for  three  years. 
The  initial  emphasis  of  the  project  was  on  the  electromagnetic  modeling  of  the 
polarimeter  and  optimization  of  the  design.  Then  quantum  well  infrared 
photodetector  were  grown.  A  spectral  element  based  model  was  developed  to 
determine  the  various  eigenstates  and  eigenfunctions  in  the  QW  heterostructure. 
After  the  optimization  of  the  growth  parameters,  the  samples  were  fabricated  into 
QWIPs.  The  tested  material  was  sent  to  Dr.  Liau  at  MIT  Lincoln  labs  for  wafer 
fusion.  These  were  then  characterized  in  collaboration  with  Dr.  Cardimona’s 
group  at  AFRL.  Extensive  computer  modeling  and  heterostructure  engineering 
will  then  be  undertaken  in  the  last  year  to  optimize  the  performance  of  the 
devices. 

Progress  Update 

We  are  working  in  close  collaboration  with  Dr.  Dave  Cardimona’s  group  at  AFRL. 
Dr.  Tveta  Apostolova,  a  post  doctoral  research  scientist,  in  Dr.  Cardimona’s 
group  spent  over  six  months  at  CHTM  learning  the  processing  of  the  polarimeter 
in  a  pixel.  A  process  traveler  was  developed.  However  due  to  extraneous 
circumstances,  Dr.  Apostolova,  moved  from  AFRL.  Recently,  Dr.  Bill  Glass,  from 
AFRL/VSSS  has  taken  over  the  project.  Due  to  the  limited  funding  on  this  project, 
we  could  only  undertake  one  round  of  fabrication  of  the  device,  which  yielded 
poor  electrical  characteristics  due  to  residual  Silicon  Nitride.  We  have  requested 
support  from  AFOSR  for  a  collaborative  proposal  with  AFRL/VSSS. 

Detailed  Progress: 

In  order  to  validate  the  principle-of-operation  of  the  polarimeter  in  a  pixel,  we 
have  developed  a  working  electromagnetic  model  of  the  device  using  transfer- 
matrix  techniques  described  in  Andersson  [AL91,  AL92]  and  Wendler  [WK99]. 
The  code  was  written  in  GNU  C++  on  windows-based  computers  and  is  available 
upon  request.  Figures  1  and  2  show  some  results  of  this  working  electromagnetic 
model  of  the  the  proposed  device.  On  the  graph’s  ordinate,  the  fraction  of 
incident  light  absorbed  in  the  four  quantum-well  stacks  respectively  for  9.5 
micron  incident  light.  The  abscissa  of  figure  1  shows  the  angle  of  linearly 
polarized  incident  light.  The  abscissa  of  figure  2  shows  the  phase  lag  between  0- 
degree  polarized  incident  light  and  90-degree  polarized  incident  light.  The  phase 
lag  smoothly  changes  the  polarization  from  45-degree  linear  to  right  circular  to 


135-degree  linear  to  left  circular.  The  graph  demonstrates  that  the  relative 
photocurrents  from  the  four  quantum-well  stacks  provide  a  means  to  measure 
the  polarization  of  incident  light. 


Figure  1 :  An  example  of  the  response  from  the  four  layers  of  the  pixel- 
polarimeter  as  we  rotate  the  polarization  angle  of  the  incident  linearly-polarized 
light. 


Figure  2:  An  example  of  the  response  from  the  four  layers  of  the  pixel-olarimeter 
x  polarized  and  y-polarized  plane  wave. 

We  have  also  developed  a  spectral  element  solver  to  investigate  the 
bandstructure  and  density  of  states  in  quantum  wells  that  will  form  the  basis  of 
the  polarimeter.  One  of  the  inherent  difficulties  modeling  quantum  well  infrared 
photodetectors  (QWIPs)  is  that  they  are  effectively  open  quantum  systems.  Since 
transitions  are  between  bound  states  and  current  carrying  continuum  states, 
represented  by  non-normalizeable  eigenfunctions,  one  faces  the  problem 


of  to  providing  a  physically  meaningful  and  numerically  efficient  approximation  to 
the  continuum.  Most  numerical  discretization  methods  lead  to  a  domain 
truncation  wherein  the  scattering  states  are  locally  approximated  by  bound 
states.  The  bound-to-bound  (B  to  B)  transitions  are  straightforward  to  compute  as 
both  eigenfunctions  involved  lie  in  the  traditional  Hilbert  space.  However,  in  order 
to  compute  the  bound-to-continuum  (B  !  C)  transition  probabilities,  the  domain 
must  be  restricted  to  a  finite  interval  which  leading  to  “artificial  quantization.”  The 
continuum  density-of-states  (DOS),  and  momentum  matrix  elements  (MME)  of 
photoabsorption  then  scale  arbitrarily  with  the  domain  size.  We  present  an  fast 
and  e_cient  method  for  computing  the  e_ective  DOS  and  MME  in  quantum 
well  structures  through  a  spectral  element  discretization.  It  is  shown  that  the 
continuum  scaling  problem  is  resolved  through  the  introduction  of  a  finite  carrier 
lifetime  function. 
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